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Abstract: The occurrence of azurocytes (AZ), a type of leukocyte unique to voles and previously described for
three Microtus species, is now reported in Microtus agrestis. The goal of this study was to shed new light on the
possible function and significance of these cells and on how they play a role in the natural history of rodent
species. Individuals from three vole populations were sampled monthly for 2 years. A hemogram was produced
for each individual, and AZ counts estimated. The counts of AZ were much higher in pregnant females, and
these levels were higher the higher the past vole density. Males had low prevalences and counts, both for
breeding and nonbreeding individuals, but they showed a seasonality that varied with age, body condition, and
current and past vole density. Also, the occurrence of AZ in males was more likely after they had had low levels
of indicators of condition, suggesting that azurocytes may result from a response to infection. Hence, overall
our results suggest that, in females, these cells may be important for reproduction and may have a role in
inducing abortion when conditions are not favorable, while in males they might be a response to infection.
Keywords: Microtus, azurocytes, field vole, leukocytes, NK cells
INTRODUCTION
Leukocytes are the cell component of blood associated with
inflammation and immunity. Their concentrations are
routinely used as generic indices of health in human and
veterinary medicine. Leukocytes of mammals have for long
been known to be either polymorphonuclear granulocytes
(neutrophils, eosinophils, and basophils) or mononuclear
cells (monocytes and lymphocytes), but the nature of many
subtypes is still unknown (Tizard, 2004). It has long been
known that wild voles show a large seasonal variation in
blood cell levels (e.g., Rewkiewicz-Dziarska, 1975), but
large-scale studies investigating these variations thoroughly
have been rare (e.g., Mihok and Schwartz, 1989).
More than two decades ago, a unique leukocyte of
rodents in the genus Microtus was described and named an
‘‘azurocyte’’ (AZ), due to the outstanding purple granules
present in its cytoplasm (Mihok et al., 1987). The cell is
particularly common in late pregnancy (Mihok, 1987), and
can be induced by progestins both in males and females
(Mihok et al., 1987; Mihok and Schwartz,, 1991a). Based
on similarities with other mammal cells with Natural Killer
(NK) activity (Kurloff cells and large granular lympho-
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cytes), it was suggested that these cells may be NK cells
unique to the vole (Mihok and Schwartz, 1991b).
For almost 20 years, there has only been one mention
of this new cell (Boonstra et al., 2005), until it was recently
reported for another species, the field vole (Microtus
agrestis) in a study that evaluated hematological dynamics
in natural populations (Beldomenico et al., 2008a), also
conforming to the pattern of breeding females having
higher AZ counts.
The unique nature of the current dataset, with re-
corded blood levels of AZ in individuals from replicated
natural populations monitored repeatedly over a 2-year
period, thus provides an opportunity to investigate further
the dynamics of these cells in natural populations and their
relationship with factors intrinsic and extrinsic to the
individuals that have them. The immediate aim is to shed
new light on the possible function and significance of these
cells and on how they play a role in the natural history of
rodent species, but crucially, examining these cells in a
natural population through a longitudinal study may throw
light on their functional significance in a much wider range
of medical, veterinary, and wildlife medicine settings.
The specific objectives of the present study were:
(i) To describe seasonal and demographic patterns of
blood AZ levels in wild field vole populations and to
investigate the relationship between intrinsic and
extrinsic factors and circulating levels of AZ in wild
field voles.
(ii) Because individuals in poor condition are more likely
to show elevated indicators of infection when re-
sampled a month later (Beldomenico et al., 2008b), we
examined if the occurrence of AZ in males is depen-
dent on preceding health status (condition) to evaluate
if AZ may be a response to infection.
MATERIALS AND METHODS
Hematology
As described in detail by Beldomenico et al. (2008a), a
hemogram was produced with blood collected from the tip
of the tail of live individuals to estimate the concentration of
all blood cell types, including AZ. Briefly, 2 ll of nonco-
agulated blood were diluted 1:20 in 4% acetic acid with 1%
crystal violet and 1:5000 in PBS, to count white blood cells
(WBCs) and red blood cells (RBCs), respectively, using
Kova Glasstic slides (Hycor Biomedical Ltd., Penicuik,
UK) with grids and hence to determine their concentration.
The rest of the blood sample was used to produce blood
smears for differential (relative) WBC counts, which al-
lowed the proportion of each WBC (including AZ) to be
estimated. At least 100 WBCs were examined on the smears.
The large number of samples precluded a more exhaustive
assessment of the proportion of WBCs (i.e., with more
WBCs examined per sample). However, because we were
particularly interested in determining the presence of ele-
vated concentrations of AZ, we judged that it was more
important to examine a large number of samples than to use
a method that gave more reliable estimates when AZ con-
centrations were low. The concentration of AZ was then
estimated as the product of the proportion WBCs that were
AZ and the total WBC count. Note, therefore, that a failure
to detect AZ should not be interpreted as ‘‘absence’’ but as
‘‘absence or low levels.’’ Hence we refer to ‘‘detectable lev-
els’’ in the text. Smears were air-dried, fixed with methanol,
and stained with Rapid Romanowsky Stain Pack—HS705
(HD Supplies, Aylesbury, UK).
Data Collection from Wild Field Voles
In Kielder Forest (Northumberland, UK), three sites with
suitable habitat for field voles were sampled (‘‘primary
sessions’’) every 4 weeks over a 2-year period (from April
2005 to March 2007) apart from 8-week gaps between
November and February (Beldomenico et al., 2008a). At
each site, a trapping grid measuring 50 9 50 m was
established, with 100 Ugglan special live capture traps
(Grahnab, Sweden), set at approximately 5-m intervals. In
each primary session, the traps were checked for capture
five times, at sunrise and before sunset (roughly 12-hour
intervals) (Beldomenico et al., 2008a). Because we were
especially concerned about the influence that confinement
and handling may have on vole hematology through epi-
nephrine and corticosteroids, a pilot study was conducted
to assess whether different times of handling exerted a
measurable effect on the hemogram and found no sub-
stantial impact (Beldomenico, 2007). Other studies have
shown that a longer time in traps does not increase the
stress levels in voles (Harper and Austad, 2001; Fletcher and
Boonstra, 2006).
Individuals were uniquely and permanently marked on
first capture with a small microchip transponder (Labtrac,
AVID plc, Uckfield, UK). On first capture within a primary
session, each vole was assessed for pelage (juvenile coat,
first moult, adult coat), sex, body mass (to the nearest
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0.5 g, using a spring balance), body condition, and repro-
ductive status. Body condition (BODYCOND) was evalu-
ated by estimating by palpation the degree of fat cover over
the vertebral column and the pelvic bones, giving a score
between 2 and 10 (Beldomenico et al., 2008a). For this
study, reproductive status was only considered for females,
which were classified as ‘‘non-gravid,’’ ‘‘gestating,’’ ‘‘pos-
sibly gestating,’’ or ‘‘lactating’’ (if they were both ‘‘lactat-
ing’’ and ‘‘gestating,’’ they were considered ‘‘gestating’’).
Females classified as ‘‘possibly gestating’’ were omitted
from the analysis.
Statistical Approach
The general approach was that used in Beldomenico et al.
(2008a, 2008b). The analysis had three parts: (i) an
exploratory analysis focused on the description of seasonal
and demographic patterns of AZ occurrence; (ii) general-
ized linear mixed models (GLMM) were used to investigate
the relationship between intrinsic and extrinsic factors and
circulating levels of AZ; (iii) to investigate if the occur-
rence of AZ in males was preceded by low levels of indi-
cators of condition, RBCs, and lymphocytes (Beldomenico
et al.,2008a), a longitudinal study at the individual level
used GLMMs to determine whether males’ poor condition
were more prone to show detectable levels of AZ when
re-sampled 4 weeks later. Analyses were carried out in R
(The R Foundation for Statistical Computing).
Hence, the first GLMM focused on the effect of
reproductive status in adult females during the breeding
season (from April to October), and a second included all
months but only focused on males, to evaluate separately
the fluctuations in AZ not associated with pregnancy.
Explanatory variables were age, season, past and current
vole densities, body condition, and whether individuals
were recaptured (‘‘R’’) or newly captured (‘‘N’’) (R/N).
Reproductive status (REPR) was also evaluated in the first
model. Then, in a third analysis, the factors associated with
the detection of AZ (yes/no) in a sample, mainly focusing
on the relationship with RBC and lymphocyte levels one
sample previously, were evaluated with observations from
males that had no AZ detected in the first sample
(n = 457), sampled from March to October (at 4-week
intervals). In this analysis, the explanatory variables of
interest were RBCs/ll (in millions) and lymphocytes/ll as
estimated by the hemogram.
Individuals with a juvenile coat and 17 g in weight
were not considered in the analysis of field data because AZ
were rarely present in them (only 11% of juveniles in the
wild). For post-juveniles, age was approximated using the
dichotomous variable AGE_CLASS. ‘‘Adult’’ and ‘‘young’’
individuals were estimated on the basis of capture histories
to be older and younger than 90 days, respectively. In the
absence of enough trapping history, an individual was
classified as adult if it weighed 22 g or more, and otherwise
‘‘young.’’ Once classified as an adult, individuals remained
so for every successive capture.
SEASON was evaluated using cycles generated by
two sinusoidal components to reflect seasonality (SEA-
SON[sin] + SEASON[cos]) (Beldomenico et al., 2008a).
Population sizes were estimated using Huggins’s closed
capture models within a robust design (Huggins, 1989;
Kendall and Nichols, 1997) conducted in program MARK
(White and Burnham, 1999) using mixture models (Pled-
ger, 2000) to allow heterogeneity in capture probabilities.
The population densities investigated were current esti-
mates (DENSITY-0; mean of the current and previous
month’s population estimate), and densities at lags of 3 and
6 months. The third analysis also included the explanatory
variables RBCs/ll and lymphocytes/ll.
As the distribution of AZ in the field data appeared to
be negative binomial, general linear mixed models
(GLMM) with a negative binomial response were used
(Bliss and Fisher, 1953). The third analysis, however,
evaluated the detection of AZ at a second sample as a
binary response (yes/no). Vole identification number
(VOLE_ID) was included as a random effect to account for
correlated variation between individuals sampled repeat-
edly. As voles sampled at the same site in the same month
shared the same population level covariates, the interaction
between site and month as a random effect (SITE*SES-
SION) was also assessed (Telfer et al., 2005). However, the
function used in the first two analyses (glmmPQL) does not
allow more than one random effect. Hence, as ‘‘VOLE_ID’’
was consistently found to be the more important random
effect, the variable ‘‘SITE’’ was included as a fixed effect in
those analyses to control for the lack of independence of
observations from the same site.
Model selection involved starting from a maximum
model which was then restricted by stepwise elimination
using the Akaike Information Criterion (AIC) (Akaike,
1974) to retain only the significant main effects and inter-
actions. Terms were eliminated if they did not reduce the
AIC by more than 2 units when included. However, because
a DAIC of 2 may incorrectly select overly complex models
when the true effect of a measured factor is relatively weak,
Azurocytes in Field Voles 319
data are highly overdispersed, or data are few (Richards,
2008), the DAIC resulting from the removal of each sig-
nificant term is reported and discussion focused on those
variables with higher DAIC values and stronger associations.
Although the random effect was assessed in the maximum
model, the model restriction was conducted without it, as
the method employed does not allow determination of AIC
values nor likelihood ratio tests when including random
effects. Therefore, VOLE_ID was included in the model at
the end of the restriction procedures.
RESULTS
The occurrence of AZ had a strong seasonal pattern for
both sexes, with a higher frequency of detectable levels of
AZ during the breeding season (April–October; Fig. 1).
Males showed a lower frequency of occurrence, and those
with AZ generally had low counts. See Table 1 for a sum-
mary of the data by sex, age, season, and reproductive
status.
In adult females during the breeding season (Table 2)
(number of observations = 658), AZ levels appeared to be
higher for pregnant than for non-gravid and lactating
animals, but when the density 6 months previously was
low, pregnant and non-gravid females tended not to differ
in spring (Fig. 2). Peak counts also arose earlier when
density was lower 3 months previously.
Table 3 shows the final model describing the factors
that influence AZ counts in post-juvenile males (number of
observations = 1290). There was a marked seasonal pat-
tern, but peaks occurred earlier in young individuals
(broadly, April–June) than they did in adults (June–Sep-
tember) (Fig. 3). Indeed, in 2006, when seasonality itself
was less marked, the adult peak roughly coincided with a
trough in young individuals. Levels were higher in indi-
viduals with good body condition, and in such individuals
higher AZ counts were associated with higher past densities
(6 months previously). Adults also showed lower levels of
AZ the higher the current population size, but this was not
seen in young individuals.
The occurrence of detectable AZ levels in males was
associated with preceding low levels of RBCs and lym-
phocytes (Table 4). In general, individuals with low lym-
phocyte counts had higher probabilities of showing
detectable levels of AZ than those with higher lymphocyte
Figure 1. (A) Seasonality of the
proportions of non-juvenile field
voles found to have AZ from
March 2005 to March 2007.
Darker gray indicates a differential
count greater than 5% (i.e., more
than 5% of the WBCs were AZ).
(B) Proportion of adult females
that were either gestating or
lactating from March 2005 to
March 2007. Darker gray indicates
gestating individuals, lighter gray
indicates lactating ones (eJun =
early June; lJun = late June).
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counts (Fig. 4). Voles with low RBC counts, too, had
higher probabilities of showing detectable levels of AZ
among lighter individuals, but for heavy animals (>28 g)
the lowest probabilities of showing detectable levels AZ
were displayed by the anemic voles.
DISCUSSION
The general pattern described by Mihok et al. (1987) for
Microtus pennsylvanicus was confirmed here for Microtus
agrestis. We also observed high counts predominantly in






































Table 2. GLMM with a negative binomial response describing factors associated with azurocyte counts in adult female field Voles
during the breeding season
GLMM model = AZ counts* REPR + SEASON[sin] + SEASON[cos] + YEAR + DENSITY-6 + DEN-
SITY-3 + SEASON[cos]*YEAR + REPR*SEASON[sin] + YEAR*DENSITY-6 + SEA-
SON[cos]*DENSITY-3 + REPR*DENSITY-6 + SITE + SEASON[sin]*DENSITY-3
Random effects = VOLE_ID
N = 658
Term Coefficients SE P-value DAICa
Intercept 6.764 0.348 <0.0001 –
REPR (gestating) 0.405 0.171 0.0187 –
REPR (lactating) 0.074 0.175 0.6710 –
SEASON[sin] 0.546 0.243 0.0255 –
SEASON[cos] 0.957 0.183 <0.0001 –
YEAR (2nd) -1.419 0.272 <0.0001 –
DENSITY-3 -0.009 0.003 0.0035 –
DENSITY-6 -0.040 0.008 <0.0001 –
SITE (PLJ) -0.152 0.196 0.4399 2.1
SITE (ROB) -0.595 0.214 0.0058 2.1
SITE (BHP) -0.272 0.218 0.2142 2.1
REPR (gest.)*SEASON[sin] -0.562 0.213 0.0087 7.0
REPR (lact.)*SEASON[sin] -0.494 0.171 0.0040 7.0
REPR (gest.)*DENSITY-6 0.008 0.003 0.0019 5
REPR (lact.)*DENSITY-6 0.0007 0.003 0.8294 5
SEASON[cos]*DENSITY-3 -0.017 0.003 <0.0001 24.0
SEASON[sin]*DENSITY-3 0.013 0.004 0.0010 12.4
YEAR (2nd)*DENSITY-6 0.041 0.009 <0.0001 22.3
aAIC value increment if the single term were dropped before including the random effect VOLE_ID.
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pregnant females and low counts in other individuals. The
main contributions of the present work to our knowledge
of AZ biology are as follows.
• The intriguing variation of AZ levels in males, which is
dependent of season, age, body condition, and current
and past vole density.
• The observation that detectable AZ levels in males are
more likely after they have had low levels of indicators of
condition, an indication that azurocytes may result from
a response to infection.
• The observation that after high past vole densities, when
condition is depressed due to lack of food (Huitu et al.,
2007), pregnant females show higher azurocyte levels
than following low densities.
Although AZ are yet to be characterized definitively,
Mihok et al. (1987), employing histochemical and bio-
chemical methods, determined that the AZ most closely
resembles a lymphocyte. New World hystricomorph
rodents also show a unique cell associated with preg-
nancy, the Kurloff cell, although these only have a single
large intracytoplasmic granule (Eremin et al., 1980; Jara
et al., 2005). Histochemically, azurocytes and Kurloff
cells are nearly identical (Mihok et al., 1987). However,
the Kurloff cell differs from the azurocyte in that it can
be induced with estrogen (Ledingham, 1940), while AZ
are induced by progestins (Mihok and Schwartz, 1991a).
The Kurloff cell has NK activity (Eremin et al., 1980),
as have other cells also associated with pregnancy in
other mammals: large granular lymphocytes (LGLs) of
humans (Iwatania et al., 1989) and uterine NK cells of
rodents (Head, 1996). Based on similarities with LGLs
and Kurloff cells, it was suggested that AZ are an NK
cell unique to the vole (Mihok and Schwartz, 1991b),
and it was proposed that its function could be main-
taining immunocompetence during pregnancy or main-
taining the survival of embryos/fetuses.
In humans, large granular lymphocytes of the NK
lineage increase in peripheral blood during the first tri-
mester of pregnancy (Iwatania et al., 1989), and similar
cells also appear in the human endometrium at embryonic
implantation (King et al., 1989; Bulmer et al., 1991). Also
during pregnancy, murine and microtine rodents also
present special NK cells (formerly known as Granulated
Metrial Gland cells, and currently as uterine NK cells), but
they have been found generally in the uterine glands, not
circulating (Head, 1996; Stewart and Clarke, 1999), al-
though their bone marrow origin has been confirmed
(Stewart, 1991). In addition, the Kurloff cell (a cell with NK
activity) shows higher levels in female hystricomorph ro-
dents and increases during pregnancy (Revell, 1977; Jara
et al., 2005). For all these reasons, NK cells are believed to
be involved in maternal–embryonic interaction during
normal mammalian pregnancy (Moffett-King, 2002).
Although it is true that uterine NK cells are larger than
AZ and have different staining properties (Mihok and
Schwartz, 1991b), the bone marrow origin of both (Stewart,
1991; Mihok and Schwartz, 1991b) and the coincidence in
the timing of their occurrence during pregnancy suggest
that they may be related. It has been suggested that the
function of NK cells in the gravid uterus is to control the
invasion of the trophoblast (Tizard, 2004). This is not
supported, however, by the observation that levels of AZ in
blood increase predominantly in the second half of gesta-
tion (Mihok, 1987) (also confirmed for M. agrestis [Bel-
domenico, 2007]). Studies in mice have shown that uterine
NK cells occur in two waves during pregnancy, a small one
soon after trophoblast implantation, and a later one in the
metrial glands (Head, 1996). The function of the latter
wave is unlikely to be related to uterine invasion control.
The role of the postimplantation wave of uterine NK
cells in rodents, therefore, remains an open question. A
plausible function might be aiding in the quick removal of
dead material resulting from an abortion, as dead embryos
cannot be eliminated via the vagina if there is another embryo
blocking the cervix. This would explain why uterine NK cell
Figure 2. Predicted AZ levels for adult females during the breeding
season. Differences between reproductive statuses at different past
densities (lag6 = density 6 months previously; densities 3 months
previously fixed at 50). (Simulation for the site ‘‘ROB’’ in 2006.)
Black lines indicate simulations with past density of 90, and gray lines
indicate past density of 30. Solid line: pregnant; dashed line: lactating;
dotted line: non-gravid.
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granules contain large amounts of perforin, a cytolytic pro-
tein (Head, 1996). Consistent with the increase of AZ blood
levels at the end of gestation (observed by Mihok, 1987),
another possible function of NK cells might be aiding in the
disengagement of the maternal–fetal unions.
In humans, it has been shown that high counts and
activity of circulating NK cells were associated with first
trimester embryo loss (Aoki et al., 1995; Emmer et al.,
2000). Spontaneous embryo resorption is a common
finding in rodents, and its cause has been attributed to an
innate immune response (Baines et al., 1996) (NK cells are
part of the innate immune system). Several studies in mice
and rats have provided evidence that NK cells are the
effectors of resorption (e.g., Baines et al., 1996; Arad et al.,
2005). This suggests that embryo resorption might itself be
an adaptive mechanism, not a misfiring of a function that
has evolved to protect the uterus or disengage the placenta.
It is likely that embryo resorption is a way of reducing the
litter size during times of hardship. Our results here are
consistent with this theory. When past densities were high,
and therefore the condition of voles may be affected (Huitu
et al., 2007; Beldomenico et al., 2008a), gestating females
showed considerably higher AZ levels than non-gravid
ones; whereas following low past densities, AZ counts of
gestating and non-gravid females did not differ, particularly
in spring (the highly demanding season [Beldomenico
et al., 2008a]). A long-term study reported that the pro-
portion of resorption cases in wild bank voles (Myodes
[=Clethrionomys] glareolus) varied for different years, but
did not relate this to variations in any proxies of ‘‘hard-
ship’’ (Bale`iauskas, 2005).
The density-dependent delay in the peak of AZ resem-
bles the one observed for neutrophils in a study that used the
same field data (Beldomenico et al., 2008a). The explanation
offered for them is also suitable here: high densities in au-
tumn/winter have an impact on resources (Huitu et al.,
2007) and reproduction begins later (Ergon et al., 2001), and
the increase in AZ levels is therefore postponed.
Table 3. GLMM with a Negative Binomial Response Describing Factors Associated with Azurocyte Counts in Male Non-juvenile Field
Voles
GLMM model = AZ counts* AGE_CLASS + SEASON[sin] + SEASON[cos] + BODYCOND
+ YEAR + DENSITY-6 + DENSITY-0 AGE_CLASS*SEASON[cos] + AGE_CLASS*
DENSITY-0 + AGE_CLASS*YEAR + SEASON[sin]*YEAR + SEASON[cos]*
YEAR + SEASON[cos]*BODYCOND + BODYCOND*DENSITY-6
Random effects = VOLE_ID
N = 1290
Term Coefficients SE P-value DAICa
Intercept 3.636 0.312 <0.0001
AGE_CLASS (adult) 1.119 0.212 <0.0001 –
SEASON[sin] 0.568 0.072 <0.0001 –
SEASON[cos] 0.477 0.237 0.0450 –
BODYCOND -0.097 0.046 0.0346 –
YEAR (2nd) 0.227 0.118 0.0555 –
DENSITY-6 -0.006 0.004 0.2096 –
DENSITY-0 0.003 0.002 0.1435 –
AGE_CLASS (adult)*SEASON[cos] -0.398 0.128 0.0020 24.7
AGE_CLASS (adult)*DENSITY-0 -0.009 0.002 0.0001 40.0
AGE_CLASS (adult)*YEAR (2nd) -0.468 0.130 0.0004 28.7
SEASON[sin]*YEAR (2nd) -0.475 0.103 <0.0001 44.2
SEASON[cos]*YEAR (2nd) 0.267 0.091 0.0035 8.0
SEASON[cos]*BODYCOND -0.085 0.034 0.0137 20.9
BODYCOND*DENSITY-6 0.002 0.001 0.0266 18.3
aAIC value increment if the single term were dropped before including the random effect VOLE_ID.
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A fundamental question to ask is: If AZ cells are in-
volved in gestation, why do males also have them at
detectable levels? Interestingly, the seasonal pattern is very
similar to that of females (Fig. 1). Treatment with estrogen
causes elevation of Kurloff cell levels in male guinea pigs
(Ledingham, 1940) and treatment with progestins causes
elevation of AZ in male meadow voles (Mihok et al., 1987).
It may be argued that AZ do not have a specific function in
Figure 3. Predicted AZ levels for
post-juvenile males, by season,
year, body condition scores, age
(black adults, gray young), and
varying current (lag0, average den-
sity between current and previous
trapping session) and past (lag6,
density 6 months previously) den-
sities. Black lines indicate adult
voles, and gray indicate young.
Solid line: lag = 90; dashed line:
lag = 60; dotted line: lag = 30.
Table 4. GLMM Describing Factors Associated with the Future Occurrence of Azurocyte in Male Field Voles Sampled from March/
April to October in 2005 and 2006
Model = AZ (yes/no) * SEASON[sin] + SEASON[cos] + WGT + YEAR + RBC + Lymphs
Random effects = SITE*SESSION; VOLE_ID
N = 457
Term Coefficients (log-odds) SE P-value DAICa
Intercept 2.790 1.202 0.0203 –
SEASON[sin] 0.896 0.393 0.0225 –
SEASON[cos] 6.062 1.134 <0.0001 –
WGT -0.127 0.038 0.0008 –
YEAR (2nd) -1.029 0.613 0.0934 –
RBC -0.501 0.161 0.0019 –
Lymphocytes -0.0002 0.0001 0.0183 –
SEASON[sin]*YEAR (2nd) -1.284 0.359 0.0003 13.5
SEASON[cos]*WGT -0.176 0.035 <0.0001 27.6
SEASON[cos]*Lymphocytes -0.0003 0.0001 0.0131 5.0
WGT2*YEAR (2nd) 0.050 0.021 0.0161 4.2
WGT*RBC 0.018 0.005 0.0005 11.4
aAIC value increment if the single term is dropped.
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males, and that hormonal levels during the breeding season
are secondarily causing their rise. However, breeding and
nonbreeding adult males kept under controlled conditions
did not differ in the occurrence of AZ, whereas they were
significantly different in size (Beldomenico, 2007). Further,
it has been shown that testosterone has a negative effect on
NK cell proliferation (Page et al., 2006).
It has also been suggested that immunologic stimula-
tion can raise Kurloff cells in guinea pigs (Revell, 1977),
and experimental infection of M. pennsylvanicus with
Reovirus-3 induced AZ maturation (Mihok and Schwartz,
1991a). Because the seasonal pattern of AZ in young males
is similar to that observed for monocytes and neutrophils
(Beldomenico et al., 2008a), stimulation by an antigen is
suggested here, too. Older males, on the other hand,
showed higher AZ counts, the better their body condition.
In 2006 (a year when the metabolic demands of voles
seemed not to be covered [Beldomenico et al., 2008a], only
adult males in good condition showed a rise in AZ levels,
especially at low current vole densities, and the peak counts
occurred in summer, not spring. All this suggest that older
males find it more difficult to present elevated levels of AZ,
perhaps because of the negative effect of testosterone, re-
ferred to above (Page et al., 2006). The positive association
with past densities in individuals with higher body condi-
tion scores might reflect higher incidences of infections
following higher densities, which can only be translated
into higher AZ levels by individuals in good condition.
Because poor condition is likely to predispose indi-
viduals to infection (Beldomenico et al., 2008b), the in-
creased probability of occurrence of AZ in young males that
were lymphopenic or anemic further supports the
hypothesis that, in males, increases in AZ levels are a
response to infection. However, the lowered probability of
occurrence of detectable AZ levels in anemic males greater
than 28 g in weight seems to contradict it. This, though, is
also consistent with lower AZ levels being shown by adult
males when conditions are less favorable (i.e., poor body
condition, high densities, negative metabolic balance),
linked to the negative effect of testosterone on NK cell
proliferation (Page et al., 2006).
Further studies are needed to characterize field vole AZ
in detail and, specifically, to determine whether they might
include different subpopulations of cells, some related to
gestation, others to responses to infection. Indeed, a better
understanding of these cells should also contribute to the
elucidation of related physiological and pathological pro-
cesses in other species, including humans. Furthermore,
given that in females these cells appear to be linked to the
abortion of reproductive activity during unfavorable cir-
cumstances, measuring their levels could be a tool to assess
the dynamics of health of natural populations.
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